ABSTRACT UCRL-17655 Normal pentane and isopentane were evaporated into nitrogen in laminar, cocurrent flow in a rectangular channel.
The result is a reduction in the mass transfer rate compared to that which would be predicted ignoring this effect.
The purpose of the present study has been to investigate the evaporation of a volatile liquid in an experimental system for which the fluid dynamics of both phases, as well as the low-flux and low-concentration-Ievel transfer coeffiCients, are J; = -(DAB I VA)" CPA (2) The value of DAB in the above two equations is the same, even if 
EXFERlMENTAL APPARATUS
The equipment used in this study was the same as that ~escribed by Byers and King4 in an earlier work. The gas-liquid contacting device ( Figure 2 ) was a horizontal rectangular duct, with a large width-to-height ratio. The channel and the inlet and exit sections were made of Lexan polycarbonate. The gas and liquid phases passed through this channel in stratified, cocurrent, laminar flow with both the phases having equal depth. An entry section served .to establish velocity profiles in each phase.
The inside dimensions of the test section were: length = 18.0 in., width = 3.0 in. and height = 1.0 in. (j in. in each phase). As can be seen in Figure 2 , provision was made for sampling the temperature and composition at several points along the exposure len,gth, at • in., 10 in. and 17.5 in. from the inlet. The temperature and composition probes were mounted on micrometer barrels that were inserted into the holes indicated in Figure 2 .
As a result these variables could be determined quite accurately J as functions of vertical position.
A schematic 'diagram of the experimental apparatus is given in Figure 3 . The evaporating liquid was continuously circulated through a closed loop system, in which provisions were made for adjusting the temperature and flow rate and for adding liquid to the system. The gas was continuously withdrawn from cylinders through a pressure regulator, was passed through a heater for' were necessary to overcome the problems of registering accurate temperatures in a low-velocity gas flow field.
(2) The use of probes half-way along the test section, as well as at the exit.
(3) A modification of the inlet calming section design to provide for better insulation of the inlet gas stream from the inlet liquid stream. Byers and King used a thin metallic divider plate separating the gas and liquid. In the present work the gas entered along a parabolic flow path which kept the inlet gas and inlet liquid physically far apart. until near the end of the inlet divider. As a result,. the final entry angle of the gas was 6°.
(4) Windings of Nichrome wire placed around the gas entry section. A carefully controlled current passed through these wires could be used to make up for heat losses from the channel and maintain an adiabatic wall condition more closely.
(5) The use of vacuum for gas sample withdrawal through the probes and from the bulk exit gas. This eliminated the (6) need for running the channel under a slight positive pressure.
Installation of thermistor temperature monitors at various points on the walls of the channel and the entry section, and in the bulk fluids in the entry section.
In the present work nitrogen was employed as the gas-phase feed stream. Hydrocarbons were used for the liquid feed.
n-Pentaneand isopentane served as volatile liquid species, while a linear paraffinic hydrocarbon mixture serv;edas a nonvolatile "liquid species. This mixture, henceforth referred to as n-tridecane, was donated by the' Atlantic Refining Co., and was in reality a still-cut from the Iso-sieve process composed of 16 mole % n-C 12 H 26 , 58% n-C 13 H 28 , 25% n-C 14 -H 30 and 1% .'
.
LOW"';FLUX HEATlND MASS TRANSFER EXPERIMENTS
The pr~vious work by Byers and'King3,4'found good agreement between convective diffusion theory and experimental results for low-'flux, low-concentration-level mass trans,fer. ,Evaporation rates 'for the cases of gas phase control and of resistances distributed. 'between the gas and liquid phases were successfully analyzed.
..
In order" to confirm the applicability of this approach tor .. . .
If we also make the assumption of a constant liquid velocity in the region of the mal3stransfer interface, then penetration theory can be used to 'calculate the liquid heat transfer behavior.
The x-direction velocity can be converted to.t, the exposure time,by the relationship
The preceding set of assumptions is now equivalent to the problem of a transient temperature penetration into a semi-infinite body, whose surface temperature gradient is given as a function of t-*,
The solution to this problem has been carried out by Carslaw and jaeger 6 with the assumption ofa constant initial fluid temperature, T~. Their solution can be manipulated to yield an expression for the interfacial temperature of the form
where a. is the liquid-phase thermal diffusivity, and the value of 13 1 can be determined from the combination of Equations 10, 11, 12, and 14. If Qint is proportional to t-t, Tint is independent of t.
Having determined the value of Tint' one can go to the vapor pressure curve of the fluid in question, obtain a new value of x Ao corresponding to the new value of Tint' and repeat the above calculations. This iterative approach usually converged to a constant value of Tint after three or four iterations.
For the interpretation of high-flux evaporation data, interfacial temperatures·obtained with the temperature probes were employed to obtain the equilibrium partial pressure of the evaporating species. It was found that the interfacial temperaturewould change by no more than 0.1 to 0.4°0 along the channel. . 0
x,avg"
The experimental cup-mixing mole fraction was then conyerted to a fraction saturation by dividing it by the equilibrium mole Table I ,and in Figure 6 . , The gas flow rate was varied to give results at different Graetz numbers; however the liquid flow rate was held constant at 0.4 gal/min. The agreement between the calculational approach and the experimental results is quite good; however, there is some tendency for the experimental fraction saturation to be somewhat. higher than the predicted values. This iS'not surprising, since a potentially important factor was ignored in the theoretical model. The experimental arrangement was one of confined flow; . this meant that;, as the liquid phase evaporated, i tcontributed a significant amount of material and therefore accelera;.. tion to the gas phase in the region near the interface. It is difficult to predict the exact influence of this acceleration upon the transfer coeffiCients; however, the qualitative effect should be to increase the mass transfer into the gas phase.
V
This increase in fraction saturation due to acceleration was calculated to be approximately 10% for x Ao = 0.50, if it is assumed that the velocity profile remains parabolic, i.e., that the acceleration is uniform across the gas phase and that variations in viscosity can be ignored. As can be seen from the experimental results given in Table I, i'
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